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Abstract

The four-track walking mining vehicle can better cope with the complex terrain of cobalt-rich crusts on the seabed. To
explore the influence of different parameters on the obstacle-crossing ability of mining vehicles, this paper took a cer-
tain type of mine vehicle as an example and establish a mechanical model of the mine vehicle. Through this model,
the vehicle's traction coefficient variation could be analyzed during the obstacle-crossing process. It also reflected the
relationship between the obstacle-crossing ability and the required traction coefficient. Many parameters were used
for this analysis including the radius of the guide wheel radius, ground clearance of the driving wheel, the dip angle
of the approaching angular and the position of centroid. The result showed that the ability to cross the obstacles
requires adhesion coefficient as support. When the ratio between obstacle height and ground clearance of the guide
wheel was greater than 0.7, the required adhesion coefficient increased sharply. The ability to cross obstacles will
decrease, if the radius of the guide wheel increases, the height of the driving wheel increases or the dip angle of the
approaching angular increases. It was most beneficial to cross the obstacle when the ratio of the distance between
the center of mass and the front driving wheel to the wheelbase is between 0.45-0.48. The results of this paper could
provide reference for structural parameter design and performance research for mining vehicles.
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1 Introduction

Cobalt rich crust is a kind of deep sea solid mineral
resource with great value which is rich in Mn, C, Pt
and other metal elements [1, 2]. It is mainly distrib-
uted on the flat top and steep slopes of seamounts
and seamounts in the Pacific Ocean with a depth of
1000-3500 m [3]. According to incomplete statistics,
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potential resources of the cobalt rich crust deposits in
the western Pacific volcanic belt are one billion tons,
the amount of cobalt metal is several million tons, and
the total economic value has exceeded 100 billion US
dollars [4-6]. Since the 1980s, the cobalt rich crust
has been a hotspot in the research and development
of the world’s marine mineral resources, but the ter-
rain of cobalt rich crust mining area is complex, which
is not conducive to the walking of mining vehicles (7,
8]. Relevant scholars at home and abroad had formed
a representative towing, self-propelled, winch traction,
articulated crawler, planetary wheel, composite wheel
for the mining vehicle [9, 10]. Some design schemes
have completed the walking test, but the field test has
not been carried out [11]. The four-track mining vehi-
cle used four triangular track as walking device. Each
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crawler wheel was driven separately and all the track
could swing around the driving wheel, so it could bet-
ter adapt to the complex topography of the cobalt rich
crust mining area. It has a strong ability to cross obsta-
cles and may be used for mining cobalt-rich crusts [12,
13].

At present, there are many researches on the obstacle-
crossing performance of tracked vehicles at home and
abroad [14]. Xu et al. [15] studied the propulsion resist-
ance of crawler mining vehicles based on the coupled
rheological model and obtained a new calculation for-
mula for the traction force of crawler mining vehicles.
The track spacing and the contact length on the steer-
ing traction were analyzed. Xu used RecurDyn software
and self-programming subroutine to calculate the shear-
shear rheological sinking of crawler-type mining vehicles
at different speeds, and realized the compression-shear
combined rheological constitutive model. Li et al. [16]
established a single track shoe with grouser driving model
to optimize the track structural parameters and improved
the tractive performance of the tracked mining vehicle
on soft sediments. Feng et al. [17] proposed a planetary
wheeled walking mode, which used the transformation of
fixed axle trains and planetary gear trains to improve the
ability to cross the obstacles. The author established the
obstacle-crossing motion of planetary-wheel-type walk-
ing mechanism based on the principle of virtual work,
and analyzed the influence of the structure size of plan-
etary gear train, the position of vehicle body center and
adhesion coefficient on the height of obstacle-crossing.
The change of the load on the track was complicated
and there was a big impact in the process of obstacle-
crossing. Li et al. [18] studied and analyzed the obsta-
cle-crossing mechanism of the sea-bottom swing-arm
crawler obstacle-crossing vehicle, also the three dimen-
sional dynamic model of the vehicle was established by
using ADAMS/ATYV software and the process of obsta-
cle-crossing was simulated. Chen et al. [19] analyzed
the obstacle-crossing performance of the displacement
four-track-foot robot, and established the constraint con-
dition and solved the maximum obstacle height under
the specified parameters. Zhu et al. [20] established a
thermo-hydro-mechanical dynamic response model of
saturated porous deep-sea sediments under vibration of
mining vehicles, based on Green-Lindsay (G-L) gener-
alized thermoelasticity theory and Darcy’s law. Xu et al.
[21] established a compression-shear coupled rheological
constitutive model of sediment simulants using internal
time theory, and deduced a new formula for calculating
the steering traction force of tracked mining vehicles.
The effects of slewing speed, track spacing and length of
track and deep-sea sediment contact on slewing traction
are analyzed.
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However, the adhesion coefficient provided by the
ground was assumed to be sufficient in the model, but it
was practical that the adhesion coefficient of cobalt rich
crusts was limited. So that it cannot be applied to the
conditions of crusts. In this paper, the obstacle-crossing
performance of four-track mining vehicle was studied in
stages. By analysis each of the obstacle-crossing stage,
the relationship between the height of obstacle-crossing
and the required traction coefficient was obtained. Intui-
tively judge the change in difficulty level in the process
of obstacle-crossing. On this basis, the influence of the
parameters such as the approaching angular of the track
wheel, ground clearance of the driving wheel, the radius
of the guide wheel and the position of the centroid on
the obstacle-crossing performance was analyzed under
a certain design parameter. It could provide theoretical
support for the research and design of obstacle-crossing
performance of four-track mining vehicle.

2 Model of Four-Track Mining Vehicle

for Cobalt-rich Crust
The schematic view of the structure of a four-track min-
ing vehicle is shown in Figure 1. The main body was
composed of a frame, four triangular track, a hydraulic
station and four traveling motor. Each of the triangular
track is rigidly connected to the frame by a hydraulic
motor, and each of the triangular track can swing around
the driving wheel by a certain angle. To prevent the turn-
ing, the swing angle is restrained by the limiting device.
When the left and right motors were at the same speed,
the mining vehicle went straight; when the left and right
motors at different speeds, the mining vehicle turned.

The triangular track was a widely used in recent years.
Rubber is used as the track material, so the weight is light
and the grounding specific pressure is small. At the same
time, the periodic fluctuation of the tension of the tra-
ditional steel track is avoided, so the efficiency is higher.
A common structure of the triangular track is shown in

1. Hydraulic power pack
2.Frame

3.Rubber track system

4. Hydraulic travel motor

Figure 1 The structure of four-tracked mining vehicle
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1. Rubber track 2.Connecting flange 3. Idler 4.Track roller
5.Compensating beam 6. Tensioning wheel 7.Truck frame
8.Driving wheel

Figure 2 Structure of triangular track

Figure 2. The guide wheel and the thrust wheel are simi-
lar to the conventional track. But the driving wheels are
placed higher to ensure sufficient ground clearance and
improve pass ability. The triangular track is driven by
meshing the driving wheel with the shoe teeth on the
inner side of the rubber track [22—30]. In the process of
obstacle crossing, the triangular crawler not only moves
horizontally with the vehicle and rotates around the front
and rear axles, but also swings around the driving wheel,
and the swing angle needs to be limited to prevent over-
turning, which makes the obstacle crossing process more
complex [31].

3 Obstacle-Crossing Analysis of Four-Track Mining
Vehicle
The topographical features of the cobalt rich crust
can be simplified into a combination of flat, slope and
step. Among them, the step-crossing can best reflect
the obstacle-crossing performance of mining vehicles
[30-32]. Figure 3 shows the Obstacle-crossing process
of four-track mining vehicle in seabed cobalt rich crust
mining area. As the four-track mining vehicle moves, the
guiding wheel began to contact the step and the frictional
force caused the track to generate a turning moment. The
guide wheel is lifted, and then the approaching angular
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(f) The back track crossed over the stairs

Figure 3 Schematic diagram of obstacle-crossing for four-track
vehicle
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began to contact with the step, and then the crawler track
is in contact with the step. As the four-track mining vehi-
cle walk forward, the whole front track passes over the
step [13], and then the rear track repeats the above pro-
cess. It must be completed in each stage to ensure that
the four-track mining vehicle can successfully cross the
obstacle. Because the stress state of each stage is differ-
ent, it needs to be modeled and solved separately.

For the needs of research, the whole step process was
simplified as follows:

1. The terrain of cobalt rich crust is hard ground, and
the ground conditions are consistent;

2. The rubber crawler does not stretch during the step-
ping process;

3. The motor has sufficient driving force;

4. Since the mining vehicle traveling speed is usually
less than 0.8 m/s, the rigid impact is not considered
in this model.

5. The four-track mining vehicle has enough ground
clearance and does not interfere with the steps.

3.1 Obstacle-Crossing Condition of the Vehicle

When the vehicle over the obstacle, the horizontal com-
ponent of the restraint reaction force of the obstacle to
the mining vehicle was balanced with the horizontal
component of the traction force. The traction coefficient
is introduced as ¢ [21], let ¢=F/N, where F is the total
traction force and N is the total ground reaction force in
the formula. It is assuming that the adhesion coefficient
provided by friction between the cobalt rich crust terrain
and crawler surface as @maxmq, then the obstacle-crossing
condition is ¢ <¢, ... That is, the traction coefficient at
any stage cannot exceed the adhesion coefficient, other-
wise the obstacle crossing will fail.
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3.2 Mechanical Model of Four-Track Vehicle

in Obstacle-Crossing Process
3.2.1 Mechanical Model of the Front Track when the Guide

Wheel Contacts the Step

As shown in Figure 4, it is the force analysis model of the
obstacle-crossing process when the guide wheel contacts
the step. Assuming that the step height is %,, the dip
angle of approaching angular of the triangular track is 3,
the ground clearance of the guide wheel is /4, the ground
clearance of the driving is /,, the grounding length of the
triangular track is m, the positive pressure of the contact
position of the guide wheel and the step is F,;, the posi-
tive pressure at the position where the front track is in
contact with the ground is F}, and the positive pressure
at the rear track is F,, The F, is usually in surface con-
tact. It is generally considered to be evenly distributed,
so F, could be simplified as a concentrated force, which
located in the geometric center of the grounding section
of the track. # is defined as the difference value between
the traction coefficient ¢ and the rolling resistance coef-
ficient f, that is y=¢ —f, G is the gravity of the four-track
mining vehicle, a is the distance between the center
of mass and the front driving wheel, b is the distance
between the center of mass and the rear driving wheel, L
is the wheelbase.

At the beginning of the guide wheel contact the step,
the angle between the the track and the ground very
small. It is still assumed that the front crawler remains in
contact with the ground completely. The mining vehicle
is balanced in the horizontal and vertical directions. The
force balance equation, the moment balance equation
and the front track torque balance equation of the over-
all horizontal and vertical directions of the four-track are
respectively established, and the supplementary equa-
tions are established according to the geometric relations
as follows:

% 2 ﬂm
Yo !
hz
y m m
AOIGIDIGN T S REREN
Sb nE nF,
Fp By

Figure 4 Mechanical model of the front track when the guide wheel contacts the step
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Figure 6 Mechanical model of the front track when the bottom of the crawler contacts the step
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Figure 7 The static model of the obstacle-crossing when the front track swing exceeds limit angle

In Eq. (1), the unknown included the traction coef-
ficient ¢, F;;, Fj5 F,. The known quantity includes the
track’s geometric and the step height /,,, The r represents
the angle between F;; and the vertical direction. Using
Eq. (1), we can find that when » was from f3 to /2, the
values of ¢, F,;, F;, and F,.

3.2.2 Mechanical Model of the Front Track

when the Approaching Angular Contacts the Step
As shown in Figure 5, it is the force analysis model of the
approaching angular of the front track in the process of

nF11sin(§ + B) + Fi1cos(§ + B) + Fo + Fi1p = G,
nFi1cos(8 + B) + n(F2 + F12) = F115in(é6 + B),

nFi1H, + nFioH, = F11Sc + F1284,

contact the step. It is assumed that the angle of the track lift
is 9, the angle of the body lift is 6 and the other parameters
are consistent with the previous definitions.

In the process of approaching angular contacting the step,
the balance equations, the moment balance equation and the
front track torque balance equation of the overall four-track
mining vehicle are established respectively, the supplemen-
tary equation is established according to the relationship as
follows:
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In Eq. (2), the unknown includes the traction coef-
ficient ¢, Fy;, Fyy, F,. The known quantity includes
the track’s geometric and the step height #,. ¢ repre-
sents the linear distance from the starting point of the
approaching angular to the contacting point of the step.
The values of the unknown number such as ¢, F,;, F},,
and F, could be calculated by Eq. (2) when the value of ¢
was taken from 0 to /1, — rcosf3/sinp.

3.2.3 Mechanical Model of the Front Track when the Bottom
of the Crawler Contacts the Step

As shown in Figure 6, it is the force analysis model

when the bottom of the crawler of the front track in the

process of contacting the step.

In this process, the balance equations of the overall
horizontal and vertical directions of the four-track, the
moment balance equation and the front track torque
balance equation are established respectively and the
supplementary equations are established according to
the geometric relationship as follows:

Fi1(nsiné + cosd) + Fp + F13 = G,

nF11 cosd + nFy + nFiy = Fi1sin é,

nFyhy + nFiohy + G(Sp — S, + acosf)
=F(Sp — S, + LcosO) + F128p,

Fi1(m/2 — x) + nFi1h; + nFi1oH, = F128,,

Hy
m—x)

§ = arcsin (

Dy
tan s’

Sp (3)

N\§ N\§

+h cos (6 + arctan <i))
m
( ( i ))
sm § + arctan | —
m

sinf =
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In Eq. (3), the unknown includes the traction coef-
ficient ¢, F};, Fy, F,. The known quantity includes the
track’s geometric and the step height %,,. x represents the
linear distance from the starting point of the crawler sur-
face to the contacting point of the step. The values of the
unknown number such as ¢, F,;, F;,, and F, could be cal-
culated by Eq. (3) when x was taken from 0 to m. When
the calculated value of F,, was less than or equal to 0, it
means that the track is flipped before the occurrence of
the track and the obstacles-crossing is successfully.

3.2.4 Static Model of the Obstacle-Crossing when the Front
Track Swing Exceeds Limit Angle

In the model established in the above stage, it assumes
that the swing angle of the triangular truck around the
driving wheel did not exceed the limit angle. As shown in
Figure 7, when the track was turned forward to reach the
angle of the rollover and the Fj, is still calculated to be
greater than 0 according to Eq. (3), while the track is not
turned over. But the limit device made the second half of
the track will leave the ground. The situation is abrupt
and must be modeled separately.

In the process of the front track grounding step after
reaching the specified angle, the balance equation, the
torque balance equation of the overall horizontal and
vertical directions of the four-track are respectively
established. The supplementary equation is established
according to the geometric relationship as follows:

Figure 8 Force analysis model of the obstacle-crossing process when the guide wheel of the rear track contacts the step
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In Eq. (4), the unknown included the traction coeffi-
cient ¢, F;;, F,. The known quantity includes the track’s
geometric and the step height /,. x represents the lin-
ear distance from the starting point of the crawler sur-
face to the contacting point of the step. The value of the
unknown numbers ¢, F;;, and F, when the value of x
changes from 0 to m can be obtained by Eq. (4). When
the calculated value of F;; and the resultant force direc-
tion of xF,; pass through the center of the driving wheel,
it indicates that the step ends.

Eqgs. (1)—(4) established the calculation formula of the
traction coefficient ¢ and the ground support force under
the condition that the step height is known during the
obstacle-crossing process of the vehicle.

3.2.5 Mechanical Model of the Rear Track

in Obstacle-Crossing Process
The obstacle-crossing process of the rear track is simi-
lar to that of the front track. The guide wheel of the rear
track contacts the step first, then the approaching angu-
lar of the rear track contacts the step, and then the bot-
tom of the crawler contacts the step. Finally, the whole

Table 1 Parameters of the four-track mining vehicle

Parameter name Value
Vehicle weight G (N) 38000
Drive wheelbase distance H, (mm) 716
Front and back track wheelbase L (mm) 1900
Guide wheelbase ground distance h, (mm) 326
Distance between center of gravity and front axle a (mm) 900
Driving resistance coefficient f 0.18
Guide wheel radius r (mm) 180
Triangular track guide wheel approach angle 8 (°) 38
Caterpillar length m (mm) 866

Track overturn limitation a; (%) 15

four-track vehicle completes the obstacle-crossing pro-
cess. After the front track crosses the steps, the con-
necting part will turn a certain angle, which will change
the stress state of the four-track vehicle during obstacle-
crossing. Since the obstacle crossing process of the rear
track is similar to that of the front track, only the pro-
cess of the guide wheel crossing the steps is analyzed, and
other models will not be repeated.

As shown in Figure 8, it is the force analysis model of
the obstacle-crossing process when the guide wheel of
the rear track contacts the step. Assuming that the step
height is /,,, the dip angle of approaching angle of the tri-
angular track is §, the angle of the front track lift is 6,
the ground clearance of the guide wheel is /1, the ground
clearance of the driving is /1, the grounding length of the
triangular track is m, the positive pressure of the con-
tact position of the guide wheel and the step is F,;, the
positive pressure at the position where the rear track is in
contact with the ground is F,, and the positive pressure

057

Step height 130 mm
....... Step height 180 mm
— — Step height 230 mm

C ad
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8 o
Q
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g
8 | .
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<
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Orbital and ground relative displacement/ mm

Figure 9 Variation of traction coefficient of front track during
obstacle-crossing
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Figure 10 The correspondence relationship between
obstacle-crossing ability and traction coefficient

at the front track is F;. The F is usually in surface con-
tact. It is generally considered to be evenly distributed,
so F; could be simplified as a concentrated force, which
located in the geometric center of the grounding sec-
tion of the front track. # is defined as the difference value
between the traction coefficient ¢ and the rolling resist-
ance coefficient f, that is y=¢ —f, G is the gravity of the
four-track mining vehicle, a is the distance between
the center of mass and the front driving wheel, b is the

- 095 — Back track
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Figure 11 Influence of guide wheel diameter on obstacle-crossing
ability
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Figure 12 Influence of guide wheel diameter on obstacle-crossing
ability

distance between the center of mass and the rear driving
wheel, L is the wheelbase.

The force balance equation, the moment balance equa-
tion and the rear track torque balance equation of the
overall horizontal and vertical directions of the four-
track are respectively established, and the supplemen-
tary equations are established according to the geometric
relations as follows:

— — — — Front track
Y ————— Back track

Ability to climb over the steps (hw/hs)
=}
~
N

0.64 1 1 L L 1 1
300 400 500 600 700 800 900

Height of drive wheel center to ground/ mm

Figure13 Influence of the ground clearance of the driving wheel on
obstacle-crossing ability
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In Eq. (5), the unknown included the traction coef-
ficient ¢, F,;, F,,, F;. The known quantity includes the
track’s geometric and the step height /,, The r represents
the angle between F,; and the vertical direction. Using
Eq. (5), we can find that when r was from f to n/2, the
values of ¢, F,,, F,, and F,.

3.3 Solution and Analysis of Obstacle-Crossing Process
of Four-Track Vehicle

Taking a certain type of four-track vehicle as a model, the
change of traction coefficient during the whole obstacle-
crossing process and the relationship between obstacle-
crossing ability and traction coefficient were solved by
numerical simulation software. The basic structural
parameters of four crawler mining vehicle are shown in
Table 1.

3.3.1 Variation of Traction Coefficient of Front Track
during Obstacle-Crossing

The step height /1, was assumed to be 130 mm, 180 mm
and 230 mm respectively. The variation process of trac-
tion coefficient was solved and analyzed. The results
are shown in Figure 9. When the height of the step was
230 mm, traction coefficient curve was composed of four
parts, which corresponded to the step (a), (b), (c) and
(d) four parts. When the step height was 130 mm and
180 mm, the traction coefficient curve consisted of three

parts, corresponding to the step (a), (b), (c) three stages.
This was because when the step height was 130 mm and
180 mm, the guide wheel edge of the track was higher
than the step. When the step height was 230 mm, the
guide wheel of the track could contact the step. From
the curve trajectory, when the step height was 230 mm,
the traction coefficient required to contact the step was
the largest, which reached 0.46. As the step progresses,
the required traction coefficient first decreased and then
increased, when it was just touching the step, it was the
smallest, then increased slowly. When it reaches the
flip angle, the required traction coefficient suddenly
increased, and then slowly increased until the end of
the step. When the height was 130 and 180 mm, and the
end of the approach angle was in contact with the step,
the required adhesion coefficient was the largest, which
were 0.40 and 0.42 respectively. When the bottom of the
crawler contacts the step, the traction coefficient was the
minimum.

Through the above analysis, it can be analyzed the
three positions where the crawler may fail during obsta-
cle crossing:

1. When the guide wheel just contact the step;

2. When the end position of the approaching angular
contact the step;

3. When the bottom of the crawler was about to cross
the step.
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3.3.2 Relationship between Traction Coefficient
and Obstacle-Crossing Ability of Front and Rear Tracks

The obstacle-crossing ability was defined as the ratio of
the step height /,, to the height /4, of the center of the
guide wheel from the ground. Gradually increase the
step height from 0, and solve the corresponding trac-
tion coefficient under any step height according to the
parameters in Table 1. The relationship between the
obstacle-crossing ability and the traction coefficient
¢ was obtained as shown in Figure 10. When the ratio
of step height to guide wheel height was less than 0.7,
the required traction coefficient only increased slowly.
This is because the guide wheel did not touch the step.
When the ratio of the step height to guide wheel height
exceeded 0.7, the required traction coefficient increases
sharply.

It can also be analyzed from Figure 10 that when the mass
center of the four-track vehicle is located at its geometric
center, the traction coefficient required by the rear track is
always greater than that of the front track, which means that
the rear track is more difficult to cross obstacles.

4 Impact of Mining Vehicle Design Parameters

on the Ability to Obstacles-Crossing
4.1 The Maximum Obstacle-Crossing Ability of the Mining

Vehicle

The parameter of Table 1 was brought into the model
in Section 3.3 to calculate the corresponding traction
coefficient ¢ at different step height. The step height
was gradually increased from 0. The maximum value of
the traction coefficient ¢ was calculated under a certain
step height. When ¢ = @max, the step height at this time
is the limit step height, and the ratio of the step height
h,, to hg the height of the center of gravity of the guide
wheel was defined as the maximum obstacle ability at
this time.

4.2 Influence of Design Parameters on Ability

of Obstacle-Crossing
To measure the influence of the parameters, it was
assumed that the adhesion coefficient of the cobalt-rich
crust is 0.5, and the influence of some parameters on
the maximum obstacle-crossing ability of the mining
vehicle can be calculated by introducing Section 3.3.

4.2.1 Influence of the Radius of Guide Wheel on Ability

of Obstacle-Crossing
The relationship between the maximum ability of step
and the guide wheel radius was shown in Figure 11.
The ability of the mining vehicle to step decreases with
the radius of the guide wheel increased. So that the
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Figure 14 Influence of centroid position on ability of
obstacle-crossing ability

increase of the guide wheel was disadvantageous for
the step. However, if the guide wheel was too small, it
would cause the local radius of curvature of the track
to increase and causing heat. Therefore, the actual engi-
neering design should be selected as appropriate.

4.2.2 Influence of the Dip Angle of Approach Angular
on Ability of Obstacle-Crossing

The relationship between maximum ability to climb over
the step and guide wheel approach angle was shown in
Figure 12. As the approach angle increased the maximum
ability to climb over the step decreases slowly. When the
approach angle was greater than 40°, the maximum abil-
ity decreased sharply as the approach angular increased.
Therefore, the approach angular should not exceed 40°.

4.2.3 Influence of the Ground Clearance of the Driving Wheel
on Ability of Obstacle-Crossing

The relationship between the maximum ability to climb
over the step and the ground clearance of the driving
wheel was as shown in Figure 13. The ability of the min-
ing vehicle to cross the step decreases as the height of the
driving wheels increased from the ground. However, the
driving wheel height off the ground too low will lead to a
smaller clearance, which was not conducive to rough ter-
rain walking. Therefore, in the actual design, the ground
clearance should be appropriately increased.

4.2.4 Influence of Centroid Position on Ability

of Obstacle-Crossing
The influence of centroid position on ability of obsta-
cle-crossing ability was shown in Figure 14. When the
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centroid moved backward, the ability of the front track to
climb over the step increases. But under the same con-
dition, the ability of the rear track decreases. Therefore,
the position of the centroid should be as close as possible
to the position of geometric center. when the ratio of the
distance between the center of mass and the front driving
wheel to the wheelbase is between 0.45-0.48, it was the
most advantageous for obstacle-crossing.

5 Conclusions

(1) Established a mathematical model of the obsta-
cle-crossing of the four-track mining vehicle, and
obtained the traction coeflicient variation curve
required in the process of obstacle-crossing, so as
to directly measure the change of difficulty in the
process of obstacle crossing.

(2) When the ratio of step height to guide wheel height
was less than 0.7, the traction coefficient increased
slowly. When it exceeded 0.7, the traction coef-
ficient increased sharply. The analysis also showed
that when the center of gravity was in the geomet-
ric center, the obstacle-crossing difficulty of the
rear track of the vehicle was greater than that of the
front track.

(3) The influence of design parameters of four-track
mining vehicle on obstacle-crossing ability was ana-
lyzed by model. The result shows that the ability of
obstacle-crossing will decrease, when the radius of
the guide wheel, the ground clearance of the driving
wheel or the approaching angular increased. When
the centroid position moved forward, it was unfa-
vorable for the obstacle-crossing of the front track,
but it was more favorable for rear track, and vice
versa. When the ratio of the centroid distance from
the front axle to the wheelbase that was between
0.45 and 0.48, it was the most advantageous for
obstacle- crossing. The above conclusions provided
a reference for the design of four-track mining vehi-
cle.
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